This study analyses the relationship between energy consumption and economic growth rate in the period 1980 -2002 in Sweden. A specific question that is addressed throught this study is what is the threshold energy consumption rate for Sweden. In addition, we try to answer a question, if there is statistical significant relationship between energy consumption and growth. In this paper, we use econometric methodology of the threshold estimation proposed by Hansen (2000). Hansen, develops new tests for threshold effects, estimates the threshold parameter, and constructs asymptotic confidence intervals for the threshold parameter. The primary idea behind the Hansen test for threshold estimation is that an exogenously given variable, called «threshold variable», is used to split the sample in two groups or regime, which can or cannot be a regressor. This theory derives the asymptotic distribution of the Ordinary Least Squares (OLS) estimates of the threshold parameter.
I. INTRODUCTION
In the last twenty years, numerous studies have examined the causal relationships between energy consumption and economic growth. Until today, the empirical findings have been mixed or conflicting. One of the reasons for conflicting empirical findings regarding the relationship between energy consumption and economic growth lies in different approaches and different testing procedures employed for the analyses. Many of the earlier analyses employed simple log-linear models estimated by ordinary least squares (OLS) without any regard as the nature of the time-series properties of the variables involved. However, as has recently been proven, most economic time series are non-stationary in levels form (see Granger and Newbold, 1974) . Thus, failure to account for such properties could result in misleading relationships among the variables. (Quaiser, 2009 ).
This study analyses the relationship between energy consumption and economic growth rate in the period of 1980 -2002 in Sweden. A specific question that is addressed throughout this study is what is the threshold energy consumption rate for Sweden. In addition, we try to answer a question, if there is statistical significant relationship between energy consumption and growth. There are a large number of papers whose theme is non-stationarity in time series and threshold models and threshold estimation. Detecting non linearity in time series is a theme that occupies the mind of many authors, like Kun Chu (1988) . Furthermore, Aruoba, Bocola and Schorfheide develop a new class of nonlinear time series models that can be used to evaluate the fit of DSGE models solved with second-order perturbation methods. Hinich, Mendes and Stone (2005) , are trying to detect nonlinearity in financial time series with main interest to understand the generating process. Their one of the main test for testing linearity in time series is the Hinich Bispectrum Nonlinearity Test (HINBIN). Munir and Mansur (2009), analyses' non-linearity between inflation rate and GDP growth in Malaysia. What is specific for their research is that they tried to find a threshold inflation rate for Malaysia. Also, Theiler, Eubank, Longtin and Galdrikian (1992), trying to describe a statistical approach for identifying nonlinearity in time series. The method first specifies some linear process as a null hypothesis, then generates surrogate data sets, which are consistent with this null hypothesis, and finally computes a discriminating statistic for the original and for each of the surrogate data sets.
There are a lot of papers that study threshold effect and threshold models. One of them is from Lee, Seo and Shin (2010) , where they try to develop a general method for testing treshold effects in regression models, using the sup-likelihood-ratio (LR)-type statistics. Another important paper is from Martinez and Olmo (2007) , a nonlinear threshold model for the dependence of extremes of stationary sequences. In that paper, they argue that financial time series offer more information than that this hypothesis seems to supply. Bawa and Abdullahi (2010), try to find threshold effect of Inflation on economic growth in Nigeria. Moreover, Caner and Hansen (2004) , are published paper about instrumental variable estimation of a threshold model. Existing estimation methods are confined to regression models, which require that all right-hand-side variables are exogenous. Their paper considers a model with endogenous variables but an exogenous threshold variable. There is also a very good paper about Threshold models in time-series analysis -30 years on, where that paper is a selective review on the development on the threshold model in a timeseries analysis over past 30 years or so. They first re-visits the motivation of the model, then they describe the various expressions of the model, and finally, they finish with some on-going research in the context of threshold volatility.
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II. METHODS
In this paper, we use econometric methodology of the threshold estimation proposed by Hansen (2000) 1 . Hansen, develops new tests for threshold effects, estimates the threshold parameter, and constructs asymptotic confidence intervals for the threshold parameter. The basic idea behind the Hansen test for threshold estimation is that an exogenously given variable, called «threshold variable», is used to split the sample in two groups or regime, which can or cannot be a regressor. This theory derives the asymptotic distribution of the Ordinary Least Squares (OLS) estimates of the threshold parameter.
More specifically, consider a two-regime structural equation in treshold autoregression (TAR) model:
if (1) if (2) Where denotes the threshold variable, splitting all the observed values into two classes or regimes. Terms and are dependent variable and explanatory variable (m vector) respectively. is the error term of property white-noise and denotes the threshold value. If we knew the model could be easily estimated by OLS. Since the threshold is unknown a priori so it should be estimated in addition to other parameters. Notice that when the threshold variable is smaller than the threshold parameter, the model estimates the equation (1). Similar, when the threshold variable is larger than the threshold parameter, the model estimates the equation (2).
Defining a binary variable where is the indicator function, with if occurs or otherwise, and setting , then equation (1) and equation (2) can be rewritten as a single equation: (3) Where, , and and are the regression parameters to be estimated. The residual sum of squares as a result of estimating the regression parameters can be written as follows: (4) Hansen ( 1996; 2000) recommends estimating by least squares technique. The easiest way to implement this procedure is through minimization of the sum of squared residuals as a func-1 Hansen (2000) presents a statistical estimation theory for threshold estimation in cross-section regression context, however, it can also be employed in a time-series analysis. 
Conditional on the regression equation is linear in and , yielding the conditional OLS estimates of ( and by regression of dependent variable on explanatory variables. Following the foregoing procedure, linear equation (6): (6) can be expressed as a nonlinear equation under a two-regime threshold autoregression (TAR) model as follows: (7) From, equation (7), the optimal threshold value can be determined by obtaining the threshold value that minimizes the residual sum of squares (RSS). Since the main objective of this paper is to investigate the energy consumption threshold effect in the relationship between energy consumption and economic growth in Sweden, the annual growth rate of energy consumption is employed as the threshold variable in the analysis. (Quaiser, 2009) 
III. EMPIRICAL RESULTS
Prior to presenting the results, it is important to consider whether the variable under consideration is stationary. We test for stationarity to ensure that the variable used in the regression is not subject to spurious correlation. The Augmented Dickey-Fuller unit root test is used to investigate the stationarity status of variable energy consumption. Null Hypothesis is that Energy consumption or ENECONS has a unit root. With probability = 0.0005 we can conclude that our variable does not have unit root in first difference. Moreover, we can see that GDP whit probability = 0.0005 we can conclude that this variable does not have unit root in first difference. Estimation of the threshold parameter is not obvious as the dummy variable is a discontinuous function. Hence, to obtain an estimator minimazing the sum of squares or maximazing the loglikelihood, an analytical form can't be derived, nor can usual optimisation algorithms be used, as the objective function is highly erratic.
A solution is obtained through concentration of the objective function. As the slope estimators given a threshold are OLS, one can reduce the problem by concentrating out the minimization problem through and the corresponding sum of squares . The objective function becomes:
Minimization of equation (8) is done through a grid search: the values of the variable are sorted, a certain percentage of the first and last values is excluded to ensure a minimal number of observations in each regime, the SSR is estimated for each selected value and the one that minimize the SSR is taken as the estimator. In our case we can see below that our minimize SSR is 1027.449 for data 245.3, and so that is our estimator. This method has received differnet name in the literature such as concentrated LS, conditional LS.
TABLE 3. CONCENTRATED LS, CONDITIONAL LS
Using maximum autoregressive order for low regime: mL = 1 
FIGURE 1. GRID SEARCH FOR THRESHOLD VALUE
Source: Author calcualtion Figure 1 . shows the output of the grid search and illustrates the erratic behavior of the objective function. Once the threshold has been estimated, it can be plugged into the SETAR function. Self-exciting threshold autoregressive model (SETAR), introduced by Chan (1983) and discussed extensively in Tong (1990) . In the SETAR model, the autoregressive coefficients take different values depending on whether the previous value is above or under a certain threshold value, thus exhibiting regime switching dynamics. Hence, the linear adjustment process: (9) is extended as: (10) This is actually a piecewise linear model where three different AR(1) processes are estimated depending on the state of the variable at time t -1. Autoregressive parameters are denoted with subscript L, M and H standing for Low, Middle and High regime, and they differ whether the variable was below the lower threshold , between the lower and upper threshold, or above the higher . This leads to some further remarks:
• The threshold effect is present when and and as long as where b = L or H.
• The SETAR model nest the AR when . 
Saša Stjepanović
In Table 4 . we see the results for threshold autoregressive model for energy consumption in Sweden. As result we see that value 245.3 presents a threshold value. Bootstrap p-value is 0.0214 which indicates that threshold exists.
The empirical results strongly suggest the existence of the one threshold value beyond which energy consumption exerts a negative effect on economic growth. This implies there is non-linear relationship between energy consumption and economic growth in Sweden. Our result point to the fact that energy consumption may promote economic growth when is below 245.3 millions of Btu. However, energy consumption doesn't have the positive impact on economic growth when it is above the threshold level of 245.3 millions of Btu. The empirical results obtained from the estimation of the linear model show that energy consumption has significant positive impact on growth rate of GDP. As is in linear specification, the treshold model also reveals that energy consumption has a same significant impact on growth. However, both magnitude and sign of the energy consumption coefficient depends on the level of energy consumption. In the low -energy consumption regime, when energy consumption is below 245.3 millions of Btu, the marginal impact of energy consumption on growth is significantly positive (0.15019). That illustrates that under low-energy consumption regime, on average, a 1%
